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mAIE AR FE# ZEm' 3
BAe kiFER FHg

(1. REGE RS RS TR, K&, 1160265 2. KEGFE Y EARSEIA, K%, 116026)

# = FIH TD % (Thermal desorption tube) >R & T 352 > ikt U6 s A R AR = N AR 2 SBER, (HH
4 BB IEHT RS TD-GC/MSD 438 TRES 4 . HZE . 1], XFHZE . 13,5- =R . CREFEMEL
15w 6 PR R Y BIVEEE . ISR E B E (US EPA) fat 5 XU 747k 45 760 o R AR 38 B A LR s B AT T
HPOD £ B IRURSE BAR . 45 SR B, WUAT B AT 0 () EALAE R R Y A M BE B B, B0 71.47 pgm™
422,74 ug'm™, ALATIVIE 6 Fh K R Y & R/MR IR 2R (43%). K (26%). 1,3,5-= H1 524 (13%).
], X ZHR (8%) . LA (9%) FIA LM (1%); 1A R R /MR IR O &4 (29%) . T8], X — 1%
(26%). 1,3,5-=H HH (25%). HH (14%). 7 (5%) MIAEZE 1%). FEIAWE, 450 A0 GRS a
A1) 8 FR ) ST B R AT ITAD Y 5 A5, X B f R AU I A A5 R R I, HAR B AN LA AT B R RS vh
fER A (HQ) /NT 1, RV IREE R . H2E | 1], X HZE . LIEEFMIE LG 1 2B AT
7 5 3 BRSO AU 5 38 e e LR R8T 2 A 2 FE 2 B IO KU (B34, 2 I HE AR -5 e L0 A 1

M PR R B £ FE AR AR W A 1 B0 XU

XKEIR RRY, POREE, BOLIRSE, 5L E R

Occupational health risk assessment of seafarers exposed to
BTEX—based on passive monitoring of an actual ship case

TAO Qiyjin' SHEN Yuxin' LI Guojin’ WANG Baopeng' LIU Hui'
DUAN Kuiquan' ZHANG Zezhong' LI Qingbo' *

(1. Environmental Science and Engineering College, Dalian Maritime University, Dalian, 116026, China;

2. State-owned Assets Management Office, Dalian Maritime University, Dalian, 116026, China)

Abstract TD tube (Thermal desorption tube) were used to collect air samples on a training vessel
during navigation and berthing. The concentration levels of six BTEX, benzene, toluene, m-xylene,
1,3,5-trimethylbenzene, ethylbenzene and styrene in the samples were analyzed using TD/GC-MSD,
and the health risk assessment model of US EPA was used to assess the occupational health risks for
deck department seafarers and engine department seafarers. The results showed that the concentration
of BTEX in the main engine room during the navigation and berthing was both the highest with the
concentration of 71.47 pg-m?, 422.74 pg'm>, respectively. During navigation, the rank of six
individual BTEX fraction was listed as follows: benzene (43%). toluene (26%). 1,3,5-
trimethylbenzene (13%). m, p-xylene (8%). ethylbenzene (9%) and styrene (1%), while during
berthing, the rank was: ethylbenzene (29%). m, p-xylene (26%). 1,3,5-trimethylbenzene (25%).
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toluene (14%). benzene (5%) and styrene (1%). The total concentration of BTEX at all monitoring
points (except the bridge) during berthing was 5 times of that during navigation. According to
seafarers’ health risk assessment, the hazard quotient (HQ) in deck department and engine
department occupation environment was less than 1, indicating that BTEX in occupational
environment has no significant non-carcinogenic risk to deck department seafarers and engine
department seafarers, while there is a potential carcinogenic risk of benzene and ethylbenzene in the
occupational environment of seafarers in the deck department and the engine department.

Keywords BTEX, passive sampling, occupational environment, seafarer health risk.

AR H g5 R A E s i AR S T R N A R PSR IRGE, A RAR G AR HERRTR
HLEA NHE T BB 2 5 76 5 (0 0975 Y v B R0 il AR an L pl s o =08 &, MR = 9 28 5 ek
B AF 5Tt 55 A SR, AT 5T 2 B B il R DU R X 5 v Y, I PN A AR B X Y B A (e R ) 5
Wi AN 25 Z A0, AR B A A 8 IR B v is YL 2, W AR == A & HR L IR L I AR
VER MR FEY I, A AR R IREE . &AL G M ARSI S JE 4 TR MR Th | YR} AR
Jie AR TEE . R AR AR R IR )RR, FER. SEASY. SRS . KB
55 2 FhA E . ¥ K A WAL B (volatile organic compounds, VOCs), 1E A2 N EZ 1Y T5 YL,
FEZM MR 5 78, P38 PRI AR 3 A SR U012, S8 [ BR800 8 R W 80 R P S g il 1 1 G
Y. Beoh, KR EE TR PR R YN A2 RN AR B R FORG B, 58 25 5 | R PP R 48, 15 1
RGP RGN R 2o AR L [ PRIEIE W SEALRY (IARC) EIESE, R — R BURY R, K1
T TR AE R VR IR I PR BT 25 S0 S B i NI SEIRAE 19 XURSE , I 1T BB 380 1 ot s Rk L e gt 20,

2 SRR R YT a3 S al b Sl SRR AR SR AR B Bl A SR A8 A A 5 A0 5 15 15 3R A e
T (SIP)? 2 BRI R (PUF), K M- LI BRI R B (XAD)P) Fl Tenax 2, A L F &
BIRFE, WS RAEATE EEAMER IR, T LLR G 3 B R AR A, 15 G 42 W, 55 4h £ 8 REEER IR
T 2l I s YL Bl I R SR A TR O H | I BN AR 288 S ) 7, S Aok B A FgE (il
FH TD 1R M9 sl RAE SRR A 25 A VOCS. HAJE SR AR i 45 AN 75 BEIR R 26 B, n] ELEEfE S
ik L ATURGIN, AT RA AR T H T R e S S0 o 7 4% 1 XU 271,

J7 it it S Tedlar SRAASTEM AR 2 B AR EE ARG I T 27 F VOCs. 5K 4 5 SE2 i H 32 8l ok
FEJT 153 1 Tenax-TA SRAEEXHIARAR 2 P4 LR IR | 2328 — H 28 (BTEX) MR VOCs Bk
HER AT ST . Kim 255 6 F 2 30 R AE 1 (Tenax-TA) Wil T P4 88T AR AR 2= VOCs ¥ . A58 fd
FHE SN RAE DT ¥, B it N & Tenax-TA WA TD 45 R4 T 352 AR 2 A A SOoh 2K R WURE b,
OIAT T RE SR AT L AL REAE, R TEAR TR ZR W6 B AR A B AR, PT oA AR s RS YR PR
HEFR ISR

1 #M¥5 7B (Materials and methods)

1.1 MRS

Bk 2K R YIBR R (2000 pg-mL™) W {17
LRSI B B A7 FRA W 5 F R (S > 99.9%) 1
H 3¢ [# Sigma-Aldrich 23 & TD 45 14 [ 4 5 35 3 &
7y 7 (Marks, UK), W 7 W Fff 5] Tenax TA 60/80
(200 mg), TD &K JE Ky 89 mm, #MEH 6.5 mm, NN
5.0 mm(/# 1).

1S PR 2 ALY (TC-20, Marks, UK), FAMERT
HERESS (UNITY2, Marks, UK) FI140H €0 1% -5 3% B¢ 7 E1 D%
% (7890A-5975C, Agilent Technologies, USA). Fig.1 TD tube
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1.2 FERCREE

TERESE T i 1 V5T S 8] (2016.4.17—5.19), FIH] TD R T AEAAAE 2 Sl 20 AT L 720
MG AN 22 AR S 2 N 38 6 . MU . FHLAC RIS 01 % 0928 SO, HEREE T 54 MHEAL. TD
— ity R B, O — 3 AT EOIE CRAFE ), HF TD 45 [ S A B b S R 1.5—2.0 m &b, SRAE iR
T, IR T, SRS S, TD A8 RAE o T8 e 47 RO T BB AR B T A rh 37, IRAFTE 4 °C VKAR
o, BEBAMTE (http://www.shipxy.com/) UL 2, RAEESE ELTEILEE 1.

2016-05-13 10: 00 “u e

S 016 05-18 02: 18] 20 ‘y"w 2016-05-08 12:53 |
* o= 2016 05-07 18: 56

B2 AR
Fig.2 Shipping cruise

R1ORHGEERE

Table 1 Sampling information

T () B R SRAESBLREASD)
Working condition(Location) Period Monitoring sites (samples)
2016.5.5—2016.5.6 HPLAE(D), =LA
2016.5.5—2016.5.9 A5 2 (1), B 2 AR (L), A6 AR (), W26 TR AR (L)
WAT CRE—RETE) 2016.5.6—2016.5.7 FHUBE(), S
2016.5.7—2016.5.8 FHUAE), L)
2016.5.8—2016.5.9 FHAE), L)
FEIAMETE) 2016.5.9—2016.5.12 MG 2 (1), B AP HR ), BEE P ARFTM L), 3828 T AUS (1)
AT (REIE—R ) 2016.5.12—2016.5.13  AEGIZ (D), EHUIQ),HHLAC(1), B ZHAR (1), T2 HOARETIICL), B2 O ARUS (1)
AR 2016.5.13—2016.5.16 AR EE (D), B 2 AR (1), 25 AR TN (1), 325 B AR (1)
2016.5.16—2016.5.17 FHUAE), L)
AT (P —K %) 2016.5.17—2016.5.18 FHUAE), L)
2016.5.16—2016.5.19 MY B (1), B2 PR, Bi2E AT, W26 ARSI
2016.4.17—2016.424  ARGAEE®), EHAR) AU, 22 W HR(2),2 3 HAR2), W28 HARS (2)
1EACRIEH) 2016.4.17—2016.4.18 FHUAE), L)
2016.4.18—2016.4.21 FHUAE), L)

1.3 FEE AT

BB S5 AR, K TD B 224 B PR RS |, LL 20 mL-min™ f9 B AT 1 min. ¥
KAFEHT 10 min, FEHTEREE 300 °C, /\@Hmﬁ-“ 10 °C, Z/A 0K 30 mL-min'; — AT 3 min, R BHEE 310 C,
SR 20 mL-min, 4R S
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S IE 24 1 DB-VRX B 4048 # (60 m x0.25 mm, 1.4 m), HERE T EEE S 200 °C, A4 i
2, PR K 1.0 mL-min . FEF6 FHEFE T M 40 °C FFGE, £R%F 10 min, 285 L) 10 °C-min™! 73] 190 C £
F5 2 min, K5 L 6 °C-min”' J13] 225 °C {445 3 min.

JURE S s B IR EE 230 °C, DURRFFIREE 150 °C, SR F 4 e B 4 2 A (SIM) A7 7
i, ISR A [E] 9.5 min.

PR R R R 6 MRBERSE (0.08 pg'mL ™ % 25 pg-mL™" 2 [8)) HEAT Hh 2 A% 1F . AR 0,33 & i AR
SR, TR AR R YRR IE pRER.

T il o
mx 10°
C= R (D
L, C FERMIREE (ngm™); m, BAEIM LT R R YT (pg); R, R RYHEN KA WGE A (mL-min™")P %
t, RFERS[E] (min).

1.4 i ARUE R E 8 ] (QA/QC)

TD 45 75 R AL R #38 B 45 464X (TC-20, Marks, UK) 7E 335 °C F %4k 30 min, 25 0 5 4l A
5.(99.999%), i A 90 mL-min™". ZALL5 RS TD 45 Wiv H 2 6 08 5 5, IHRAETE 4 °C vKER 1. 16
FESCRAE L AR D R, SR D A AR RAAR I T2 LA e ¥ o . B AR i 43 )5 A
25 FURISE 28 (1, AR 15 5ol 4. Rt 23 R b 2 20 A0 B ARfb &, (R & 381K
ERE A i 157 B 1Y) 10%. S5 29 J8 SRl it {0k 25 B 25 EME. HARP 9 071548 i B (LOD) Ay i i 1 B
(LOQ) 4331 38 3zF 22 VR I+ AFK R 3 B v VR VLI 3 A5 R 10 A5 5 M L (S/N) TR 2 (36 2)PY, AR BF 5451
HEYHLOD K 0.18 pg ‘L™ % 1.37 pg L™, LOQ 4 0.60 pug L™ & 4.58 ug-L™".

®2 RRYEMELL (SN). KR (LOD) FliE # R (LOQ)
Table 2 Signal to noise ratio (S/N) and limit of detection (LOD) and quantification (LOQ) for individual BTEX

HZAYIBTEX fEMEEES/N LOD/(ug'L™) LOQ/(ug'L™)
ES 174.8 1.37 458
GiFS 179.6 1.34 445
LHHE 760.2 0.32 1.05
KN 314.5 0.76 2.54
[, % — oA 1335.2 0.18 0.60
1,3,5-=HHK 193.5 1.24 4.13

15 AR PG
it e XU I 7575 S EPA-540-R-070-002(USEPA 2009),
(1) AR Zog A
P PERT A 5 5 e FE (EC):

EC = (CA x ET X EF x ED)/AT 2
A o WU fa 5 B (B (HQ):
HQ, = RIC, 3
fEE 4R HL (HD):
HI = ZHQ, +HQ, + HQ;+--+-+- + HQ, @))
(2) BuE A
Risk = EC x UR (5)

A, CA N B FRWE (ugrm™); ET S B 55 W B I 6] (h-d™); BF S 2 E2 MR (d-a™"); ED N85 TH (a),
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]

ARBIFEI 30 45 AT S -3k 1] (h): FE B0 MU HFIUEy EDX365 d-a'x24 h-d™', Bl MUK H IR E 0]
Y (70 2)x365 d-a”'x24 h-d ' REC(ZZ W) (HIR [ US EPA 254 MU 1 8 2 55 (IRIS)™, i1k
(ELCIUR) SCAE 610 ° pgrm . HLH WHO™. £ TUR {1 2.5<10° pgem *, 3 BN SF35 47 55
SEAEHEfE T4 I 22 % (OEHHA) ™. HI BB 1.0, HI>1 K WA B HAT 25 00 BUB AU 7,
M Risk=>1x107 W, IAAy 5 JeWx A AT Bom KU .

2 FHR5THE (Results and discussion)

2.1 REYUEKF

FULA T3V 1R] + 4% W0 57 P ¥ B2 7K (ugem®) R EALRE (71.47)>HEHLAR (40.88)>Hf 51 = (33.85)>UiF 45
AR JS 0 (26.18)>1 A8 AR FiT M (25.82)>%F 22 T AR (9.84)(&1 3 Fl3 3). B HLAG 1Y E 241530 1,3,5- =1
FEOR (26%) FIR (26%), R R H R (20%); EHUAE Y 322241 73 2R (43%), HR O H R (26%) Fi 1,3,5-
SR (13%); M0 2 WA ARG | 925 R R S N B 2 s BB Y R B2 Ay R L B . 1,3,5-—
HIEOR, 5 L 2 R >T2%; 28 O 70 Bir A Wl s v o8 LR IR T 1%L A 4).

500
- it Navigation 422.74
450 - {8 3fiBerth
i 1
400 |
i i
) L= 314.81
£ : ]
g r 137.16 7/
g i A
§ 250 |-
§ i 132.16
5 0 71.47
m -
2 150
= B
L )
Z 88.26
o 40.88
s 55 82 26,181/ 33.85 ‘
8.41 9.84 11.38
0 [ 1= = |
o %a" © beeé' s éeﬁ}" 000 . 009’\ 6‘00 {\&o@
o Q\Q’&\‘b Co\‘(\Qrb' Cg@ . é\%\i\ I %\Q
FS'Q‘O Q‘ N\%&(\ &
60 \).p
é\é é\é e
Q‘O& Q)‘Z’c}

B3 A& W IR A S OR R YR

Fig.3 Concentrations of BTEX in ambient air at ship monitoring sites

K3 AMEI SRR EE K (A7 pgrm™)
Table 3 Concentrations of BTEX at ship monitoring sites (unit: pg-m™)
T I A - . de oo mee L3S-TEHEEE .
W . W * i ZHHE A TER xem wizw
orking Monitoring

1,3,5-
B Tol Ethyl M,p-xyl 2 ¥BTEX
condition sites enzene oluene thylbenzene pxylene trimethylbenzene Styrene

WA FARHTM(n=3)  4.56£3.29  527+4.48  3.19+3.41 2.5542.76 10.05:14.15  0.20+0.15 25.82426.87

WA PBJEM(=3) 10.96£15.40 555t8.44  2.69+4.10  2.55+3.92 4.104£5.63  0.32+0.48 26.18+37.95

i PZHHM=3)  2.10+0.82 221+121  131£137 131134 2.83£1.97  0.08+0.02  9.84x4
P20 il 51 (n=3) 576+2.75  12.48+15.52  4.07+2.96 3.84+2.74 7.46+4.35 0.24+0.18  33.85+24.55
FHHE(R=7) 30.66+54.74 18.79+33.11  6.12+£7.67 5.56+6.64 9.34+8.37 0.98+1.88 71.47+111.39
PR (n=T7) 10.78+8.13  8.05+5.53 6+7.78 5.31+6.36 10.52£10.18  0.22+£0.23  40.88+34.73

TP HIARRTM(n=2)  2.37+1.49 2+1.88 1.08+1.22 1.11+1.24 1.78+1.87 0.060  8.41+4.72

FIH0=28) W HAREMI(n=4) 3.06£1.37  2.49+£0.77 47.09£52.36 32.68435.47  51.62+£55.98  0.22+0.07 137.16£144.45
B2 PR (n=4) 2.7842.72  3.06+1.82  1.94+0.97 1.80+0.94 1.69+0.59 0.11+0.07 11.38+4.81




2350 7 A A 40 &
5k 3
I‘{ ”k:m ,I.J_f': e e B i — e 19395'3 ¥ —hh e
oL il g3 SiFS V%% S TP 5 Ui S TER gem wrEw
Working Monitoring 1,3,5-
o . Benzene Toluene  Ethylbenzene M,p-xylene . Styrene YBTEX
condition sites trimethylbenzene
MBI (n=10) 2424078 10.20+4.43  42.38432.56 35.29422.93  41.56+28.52  0.31£0.22 132.16+86.78
FE(r=28) FHAE(n=3) 22.09£15.20 60.15+19.64 124.15+15.52 108.08+33.62  105.35+£7.98  2.93+1.46 422.74+59.94
TH(n=
PR (n=3) 29.52427.03 70.28+46.86  79.93+£23.10 67.52+16.67  64.54£16.97  3.02+2.01 314.81£35.38
SR (n=2) 2.56£0.39  25.07+6.68  20.16+3.01  20.27+2.84 19.81+4.51  0.39£0.31 88.26+16.34
[] # Benzene 1,3,5- ZH £ 1,3,5-trimethylbenzene

22 B % Toluene

[ ] Z#L3% Ethylbenzene

(ITTTT) 1 . %4 =B 5 m.p-xylene [0 K 243 Styrene
100 [=19% 9 19 =% =% 1% 100 [=19%m 0% =19%m ~0%n %= =% 0%
12% | | 10% | | 13% | | 12% | | 9% | | 1504 13% 7%
B I 23%
NI o 3206] [29% | |27 :
80 H 16% 80 (R [34% N |
2% P 021%, 5%
T [29% B4 1| R2e%ey §
R300a] [ 10%|| KX Z I N
< L] < ﬁw § 1ol 2%
Z 60 H 19 / 2 60 5, 16%
E e 8 o 25%)
g 21%67 o 13% 2 yl J, L31%)
[3=] =
TT) 38% .
% 10% > 239
Eoa0n ]y B a0 [54% % ]T el [
m 379 20% m %
I 559 B2 Z lZ 2691 L
20% Z
0 0 27%
20 H 42% 43% 20 H 2298 759
M0 A
515 26% 28%| [T | 404 BIA% z Z
N 18% ol 1 17% I ;
1670 ° i'm/ /38% 4 9% _‘/__4
0 < ] & ] ] 1 1 ] 0 < &0‘ Fopd | 5% I 3%
© © © IR
& NEIIRCN &‘0 & ¢ c}é S o %&‘o Q‘@o\ & ¥
&5 c}"%&b NS TS o o o
SO T @S o < Q@ ‘bé Qﬁ’ Q‘b C&‘ o Q 2
‘0 ‘0 @‘b A\\'\‘Zy (,0 gO g\‘b .\\'\‘b
N N o < Q S

B4 25 MR R RE (e AT ] A 45T )
Fig.4 Characteristics of BTEX components on ship (Left: navigation, right: berthing)

R 0E 0T IA] 2 4% W 0 A 7 ik B2 UK F (ngem ) g B LA (422.74)>% HLAE (314.81)>1F A& Y A Ji5 Nl
(137.16)>ff 1% (132.16)>2 3 &5 (88.26)>% 25 AR (11.38)>17 L FH B AT (8.41). T A FY A miy ) 11 28 25
HR Bl A 34 R B R R, 5 2 TR T 51%. W74 ARG RN B3 = R B4l o0 L3R | 1,3,5-
= HIEIE ], X A, = 2 MI>90%. EALIG . SEHLIG 28 Bk A b A4 N K A, X
TSR ZHEFER 1,3,5-= B3R, H b 2 Fi>90%.

I [R5 W A 7 (BRZB 3 55 41) 28 R W) ik 7K F (1026.66 pg-m ™) S AT Hi1H] (208.04 pg-m™)
(5 . Horp, IR 0TI A AU 0 . B 2 WA L S B AR L AT ILAE A0 R B KT o S 2 A A T 40
B4 5.24. 1.16. 3.90. 5.91. 7.70 £ 7E/ifT %{?/Eﬂ;ﬁlm FHUAE FH LA (0 e B Ak F 32 = 7K, AT
KT 40.88 pg-m™, 1503 KT 314.81 pug-m™, 1M 7 20 B A i O F0 27 28 B AR A T B AOKF, ¥/ T
25.82 pg-m. FEAATHAIR]L, We2b BRSO B A 53 2 v 2R TR 2R 5 B 22 R0 T 54%, ML 2R R
A Z T 69%, FHLAR TR 1,3,5- = PR & H 2 T 52%, U5 FOBCRG I 5 2 28 FRAR i)
FEHH N 1,3,5- = HIEIFEFE I, 5 2 KT 51%:; (5130 8], JiF 25 ARG 0 B 52 2= b £ 382K
F11,3,5- = H A5 2 R T 63%; FHLAR S AHALAG T 3608 & L3 85, 43 3N 29% K 25%, it
FF b i 00 B % 2 B A ) 2 B2 43 S 2R R RO, (5 B2 R R T 51%.

FENUAT S0, A 5 2 EALAE . LA R 25 3 5 25 S o | FRORD R 2R A OF- 340k B 3 AIK
TENE BT EARER FRIE (GB/T 18883-2002) (K 4); A4 A1 F AR T ML AR TS I W1 0 25 VPR B2 (3R 5).
AT H ], X R Zﬁzsséﬁ/ier“i’ﬂﬁﬁ?mm# %ﬁﬁéﬂ’]ﬁ@{ﬁ”gﬂ“&?ﬁ}%‘b W LA BV
(), X6F — FR 53 1) HE AT 1.91 4%, 89.89 £ £ A 73 il LU HAIK 3.38 4%, 8.35 1% AR LU AR M r 1.13 4%,
UG 1.33 4%, 2R, FOR, [H], Xf- R, Z%z:ﬂ’)(i%r“i’]f&??{é%%n#m] i ﬁﬁﬁﬁ“% A 24h 5
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BB 5 A Tk AEE Tk A5 2 N2 S b 2R R Y0948 TEAH E, 2R RA T 0], AN = s
S 2 2R W ST v B A TR BAE R (WHO), 26 FE L 22 4 5@ BEbR7E (OSHA). 25 [ B Al
Tolk BA:ZE 514 (ACGIH) AN FRBE (a5 16 % PEAY /A %2 (OEHHA) HE I BRAE.

&4 WP AR 2 N RS 2 R R Y45 R MH (mgrm )

Table 4 Guideline values for BTEX species in occupational and non-occupational indoor air in mg'm™

#ZYBTEX CNIAQS® WHO OSHA ACGIH OEHHA
ES 0.11 [1h] — 32 2 0.06
GEES 0.20 [1h] 0.26 [1 wk] 754 189 0.3
CHIR — 221 a] 435 434 2
ZHZR 0.20[1h] 4.8 [24 h] 435 434 0.7

H: a: PEE NS SR ERE(GB/T18883-2002); —: RZ5H.

RS AL QY BRVFHRE (mgem )

Table 5 Permissible concentration of typical composition abord ship cabin in mg-m™

RZYBTEX JK TR Surface vessel W FLEE i Conventional submarine K ENuclear submarine
S 1.5 6 3
LIS 8 40 10

2.2 FEEEVEAL

ASTIEGE i A0 5 IXURS: DAk X A DU . R, il — R RK 55 AR R 1 B ARG 5
PUERHLG . KR . 85 . =R L SR LR 51 . 5 53 76 A B (8] G458 A T A 45531 44
(], S 2] YR8 LA T IS [R] 249 2k 76 d-a!, 4530 B TE] 240 189 d-a 121, FH A 38 A0 46 AL My B3/ B 1sf [i) D, 3% 6.
PR ARG s B3 2 BPOD BRBS 8 R W) % FR MR S R K 3.66—71.73 pg-m s Horbr, (52301 300 1R s B3 25 4 R W 1) 2
TR B v, A 71.33 pgem s LA T I AT A B3 50K R 0 10 R R VR 1K, M 3.66 pg-m . AR AILER A 5 : HY
M PR ZR ) 2 i W Y BN 2.11—47.82 pg-m; Forb, 4500 S R) AR D3 %08 R ) 00 2 5 Tk B o i,
47.82 pg-m s MUAT W EHALAR 2R R 9 0 B 8 W B 451K, o 2.11 pg-m™ (3% 6).

R 6 5L R ) B A PR R R ) 1)
Table 6 Seafares’ exposure concentrationsand exposure time of BTEX
BB/ (ug-m™)

T

ifAtvA Workin & TR A]/(h-d ™) Exposure concentration
Position con ditioi Location Exposure time R 2 [|], X — H R CHER KL IERY
Benzene Toluene M,p-xylene Ethylbenzene  Styrene YXBTEX
s b 16 0.80  1.73 0.53 0.57 0.03 3.66
3 WiAT
qﬂﬁuﬂ Byhs 8 0.18 1.74 1.41 1.40 0.03 475
i3l
[E2lE] MG 24 1.92  8.07 27.94 33.55 0.25 71.73
MG 16 0.80 1.73 0.53 0.57 0.03 3.66
AT ML 4 075  0.56 0.37 0.42 0.02 2.11
AL FHLE 4 1.06  0.65 0.19 0.21 0.03 2.16
o= =
fii 4 I B2 16 128 538 18.63 22.37 0.16 47.82
151H LEEIR 4 390  9.27 8.91 10.55 0.40 33.03
FEHLAE 4 291 7.94 14.26 16.38 0.39 41.88

2.3 RS PEAG

FHORR S 5« AR AR O PR S 2R R G HI Ve L 0.02—0.38, 78 M A0 45570 59 1 s 51 % HI {H i =
(0.38). FEHLTMY B - FEHAAEOY PR vh 28 29709 HI 35 [ 0.03—0.26, 76 M AAEEIA I 18] =ML HI (5 i
T (0.26). FEHLFSHE B HRMY PREE Fh 28 2 W0 A0 HI (. (0.84) /& T GRS £ (0.43). 2K R WAk 08 KUK 58
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AL A 53> FHRR S A 3 A O ) A A Sl P45 25 2R R HQ (AR T B 1.0 BBk, AR 26
S5 v R 2R 2R 0t B A 53 RN S AL A BN AE A k2 A AR B0 AU, WL 7. MR B LA S0 1) 2
I G R BUE KN 1.5x107% Ak 512 28 19 208 KU R 2.06x 1078, 455317 3 18] fiy 53 28 K I 2, 3%
I3 H 6.42x107° F1 3.6x10°7°, 175 T US EPA HEX PR HIARVE (1.0x10°°). FEHLERA O - U4 T 101 ] 5 B
% HALIG A E MG 0 B KU (B 43 51 R 2.06x107°, 1.92x1076 F1 2.74x 107 45274 I 18] FEAHLIE 2K K 2,
TR N 7.49x107° Fl 1.76x107%; FHLAG AR Ko £ FHEAR 53020 13107 F1 1.13%107°; fiff 51 2 48 Je L HEOR 1
A 3.29%10°° 1 2.40x10°°, 3475 F US EPA HEFERIBR AR MHE. LU 20426 B, FHARFR AR 51 5 5 ALE0 AT 52
HROY AR5 Hh () 2R & BRI A AR VR A 1 5500 LIRS, 8008 IR 1 DL 3% 8.

R T OMERPOLIRER R YA B0 KRG R R (HQ)

Table 7 Non-cancer risk of hazard quotient (HQ) of BTEX in seafarer occupational environment

S Ii > o his S —_— b b b o
i ok fr * B S It 1 S 2 .
Position con ditifn Location Benzene Toluene M,p-xylene  Ethylbenzene Styrene
WiAT Buhs 0.01 3.48x10™* 0.01 1.40x107° 2.72x10°° 0.02
— WiAT W= 0.03 3.46x10™* 0.01 5.65x107* 3.28x107° 0.03
T b1 .
541 gt 0.06 1.61x1073 0.28 0.03 2.47x10* 0.38
S 0.10 2.30%10° 0.30 0.04 3.07x10™ 0.43
WirT it 0.03 3.46x107* 0.01 5.65%x10* 3.28x10° 0.03
WirT LA 0.02 1.12x10™* 3.68x107 4.17x10* 1.54x10°° 0.03
K FEH 0.04 1.30x10* 1.93x107 2.12x107™ 3.41x10° 0.04
R 5 o 0.04 1.08x1073 0.19 0.02 1.65%10™* 0.25
541 LA 0.13 1.85%1073 0.09 0.01 3.98x10* 0.23
151A FEHL 0.10 1.59%1073 0.14 0.02 3.87x10™* 0.26
S 0.36 0.01 0.43 0.05 1.03x107° 0.84

TE: i T AT IR]72 3 15 REAR IR B, 2 2R 16 6 TR R0 XS (1 Pt e P SO0 e A5 0 TR 5
Note: Due to the lack of bridge sample data during the navigation, the risk quotient value and risk value assessment concentration data of
benzene series were adopted during the berthing period.

R8N OB R R AR W B XA

Table 8 Cancer risk values of BTEX in seafarer occupational environment

iAYivs TH W s, ES LI
Position Working condition Monitoring sites Benzene Ethylbenzene

AT Byhs 4.57x107 1.50x10°°

FH BB B AT MR 2.06x10°° 6.06x107
e M= 6.42x10° 3.60x10°
% MR 2.06x10°° 6.06x107
AT PR 1.92x10°° 4.47x107

A L fiiAT EHLAE 2.74x10°° 2.28x107

FEALARAR b1 N
e o 3.29x10° 2.40x10°°
216 PR 1.00x10°° 1.13x10°°
216 1K 7.49x10°° 1.76x107°

IR R AR FRAE(1.0x107). Note: Bold indicates exceeding the guideline (1.0x107)

3 458 (Conclusion)

FLAT 0 TR], SEAURE AR R Y B B K e, R 2 AR R R, 38 5 HEZ FIO 69%. 4549H
18], MM R 2R WP 29 BE K P Fre i, 2 B4 0 O LR (29%). AR A 45 s D0 ) (BRES 3E



8 14 P Bk 25 - i B3 A% 2R A e P e R DXL Pl — i T M ) S 2R 1) 2353

0 A Z W A TR AT U AL A4 5 A8 A B3 HPOD PR R R R R ) B R B R T R N
AR ERR(EL . UATS B B VR .KTQH,/J‘JH"JFJTTETE’JIlk%ﬂﬂFIlkﬂfiﬁIj‘]*hEPZIK/?%E’J
16T, AT BA 5 TR $R 058 28 U FE Bbm e i B R RS R g2 R ), xf — H
A LI LI o8 HOAFR AN A AL AR DA77 235 50 AR B0 XU, 1 AR AR 5% 55 A AL AR A SR
b FRIE R R 2 BRI A A TR A 1A S0 XU

ABFTE AR, T T I 25 B 5 o B R R, A A BRE KRS DAl s SR FH 45591 300 ) 5, DRIk P ARG
P 57 P BRI Hh A B e R XUBS: B PT RE 2 W i il 5 5 I AR L, R S B A T TR] 5 g 552 T s, T
S TRL ARG 52 20 i, DRI R i A B P B85 v 1 5 o 0 MRS L 2 1 52 > . e 8, Bt BR A
2> (0.5%) FY ST, 7 LA AR I A (7 P RE 2 AR A A0 A 2 23 O R W R B K P R 2 70 A
1M, 6T B A e R XU ) s i A5 R E— 2D A5
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